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ABSTRACT 

A s c r e e n i n g  t e s t  conducted on t h e  LM-10 s u p e r c r i t i c a l  
he l ium t a n k  i n  May 1 9 7 1  i n d i c a t e d  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  
p r e s s u r e  rise rates  i n  comparison t o  ra tes  measured on t h e  same 
t a n k  i n  June  1970. T h i s  caused enough concern  t o  w a r r a n t  an 
i n v e s t i g a t i o n  as t o  whether  o r  n o t  t h e  t a n k  s h o u l d  be  r e p l a c e d  
p r i o r  t o  Apol lo  1 5  f l i g h t .  The i n v e s t i g a t i o n  i n c l u d e d  t w o  
re-tests of  t h e  LM-10 t a n k ,  i n  a d d i t i o n  t o  tests o f  t w o  o t h e r  
t a n k s  of s i m i l a r  c o n s t r u c t i o n .  

The i n v e s t i g a t i o n  r e s u l t e d  i n  a d e c i s i o n  n o t  t o  
r e p l a c e  t h e  LM-10 t ank .  This  d e c i s i o n  w a s  based  on: 

1. The c o n c l u s i o n  t h a t  it i s  h i g h l y  u n l i k e l y  t h a t  t h e  
t a n k  p r e s s u r e  w i l l  exceed i t s  r e d l i n e  v a l u e  o f  
1780 p s i a  p r i o r  tc f u l f i l l i n g  i t s  lllLaaLori, -'--' whether  
normal o r  a b o r t .  

2 .  The p o s s i b l e  a d v e r s e  e f f e c t s  o f  r e p l a c i n g  t h e  t a n k  
on o t h e r  LM hardware.  
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I .  INTRODUCTION 

Helium, which i s  e s s e n t i a l  f o r  p r e s s u r i z i n g  t h e  
LM-DPS p r o p e l l a n t  t a n k s ,  is s t o r e d  as a s u p e r c r i t i c a l  f l u i d  
i n  a s p h e r i c a l  t ank  i n s u l a t e d  by an evacua ted  annu lus  
2.75" t h i c k .  The annu lus  i s  normal ly  evacua ted  t o  below 

w i t h  173  l a y e r s  of a lumin ized  mylar  t o  minimize r a d i a t i v e  
h e a t  t r a n s f e r  f r o m  t h e  environment  t o  t h e  he l ium.  For  
t a n k s  which are w e l l - i n s u l a t e d  t h e  normal h e a t  l e a k  r e s u l t s  
i n  p r e s s u r e  r ise ra tes  of approximate ly  8 ,  6 and 4 p s i / h r  
a t  f u l l ,  5 0 %  and 2 0 %  loads,  r e s p e c t i v e l y .  

TORR t o  e l i m i n a t e  c o n v e c t i v e  h e a t  t r a n s f e r ,  and packed 

S p e c i a l  s c r e e n i n g  tests have been  d e v i s e d  t o  
check-out  t h e  S H e  t a n k s  p r i o r  t o  each  Apol lo  f l i g h t .  The 
LM-10 t a n k ,  which i s  t o  be c a r r i e d  on Apol lo  1 5 ,  w a s  tested 
i n  May 1 9 7 1  and found t o  p o s s e s s  p r e s s u r e  r i s e  rates s i g n i -  
f i c a n t l y  h i g h e r  t h a n  t h o s e  measured d u r i n g  a s i m i l a r  t e s t  
conducted  i n  June  1970. Th i s  v a r i a n c e  caused  enough conce rn  
t o  w a r r a n t  an i n v e s t i g a t i o n  by GAEC, MSC, and NASA Headquar t e r s  
as t o  whether  o r  n o t  t h e  t a n k  s h o u l d  be r e p l a c e d  p r i o r  t o  t h e  
f l i g h t .  Th i s  memorandum summarizes t h e  f i n d i n g s  and conclu-  
s i o n s  of t h a t  i n v e s t i g a t i o n .  

11. SCREENING TESTS' RESULTS 

F i g u r e  (1) c h a r t s  t h e  r e s u l t s  of  t h e  two s c r e e n i n g  
t es t s  r e f e r r e d  t o  above. A l s o ,  Table  (1) l i s t s  t h e  r e s u l t s  
o f  a l l  LM-10 t a n k  tes ts  and compares them w i t h  s imi l a r  tests 
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per formed on o t h e r  SHe t a n k s .  The f o l l o w i n g  s a l i e n t  o b s e r v a t i o n s  
can  be  made: 

1. 

2 .  

The LM-10 t a n k  e x h i b i t e d  a n o t i c e a b l e  i n c r e a s e  i n  
p r e s s u r e  rise r a t e ,  which can  be  a t t r i b u t e d  t o  
d e g r a d a t i o n  o f  t h e  e f f e c t i v e n e s s  o f  the i n s u l a t i o n  
h a v i n g  o c c u r r e d  ove r  a p e r i o d  o f  one y e a r .  On t h e  
o t h e r  hand,  no f u r t h e r  d e g r a d a t i o n  c o u l d  be d e t e c t e d  
th rough  tes ts  conducted between May 2 8 ,  1 9 7 1  and 
June  1 7 ,  1971. 

Comparison o f  LM-10 t a n k  w i t h  S/N 120 i n d i c a t e s  t h e  
p r e s e n c e  of  a r e s i d u a l  gas  i n  t h e  annu lus  of  t h e  
former. The molecules  o f  t h i s  r e s i d u a l  gas are 
desorbed  w i t h  t empera tu re  r ise,  c a u s i n g  t h e  e f fec t ive  
conductance ,  and hence t h e  p r e s s u r e  r ise  ra te ,  t o  
i n c r e a s e .  
t h e  l a y o u t  of t h e  fill, v e n t  and h e a t  exchanger  
l i n e s  which wind t h e i r  way w i t h i n  t h e  a n n u l u s ,  as 
shown i n  F i g u r e  ( 2 ) .  These l i n e s  are s u b j e c t e d  t o  
h i g h e r  ex t remes  of t empera tu re  i n  t h e  s c r e e n i n g  
tests t h a n  i n  a c t u a l  f l i g h t ,  due t o  t h e  need f o r  
f a s t  p r e s s u r i z a t i o n  from 200 p s i  t o  1 2 0 0  p s i .  
T h i s  p r e s s u r i z a t i o n  i s  accomplished d u r i n g  the 
s c r e e n i n g  tests by c i r c u l a t i n g  he l ium a t  room 
t e m p e r a t u r e  th rough  t h e  h e a t  exchanger  l i n e s .  
Consequent ly ,  t h e  d e s o r p t i o n  of  any r e s i d u a l  gas 
i n  t h e  annu lus  i s  aggrava ted  d u r i n g  t h e  s c r e e n i n g  
tests,  l e a d i n g  t o  t h e  e x p e c t a t i o n  t h a t  t h e  f i i g h t  
p r e s s u r e  r ise  ra te  w i l l  be less s e v e r e .  I n  f l i g h t ,  
t h e  o n l y  t a n k  p r e s s u r i z a t i o n  by f l o w i n g  h o t t e r  
he l ium i n  t h e  h e a t  exchanger  i s  done s i m u l t a n e o u s l y  
w i t h  m a s s  removal from t h e  t a n k .  

I t  i s  a l s o  of impor tance  t o  emphasize 

111. THERMODYNAMICS CONSIDERATIONS 

The p r e s s u r e  rise rate i n  t h e  c r y o g e n i c  he l ium s t o r a g e  
t a n k  d u r i n g  s t andby  i s  caused by t h e  h e a t  l e a k  th rough  t h e  t a n k  
i n s u l a t i o n .  The mathemat ica l  r e p r e s e n t a t i o n  ( n e g l e c t i n g  t h e  
t h e r m a l  m a s s  o f  t h e  t a n k  s h e l l )  is :  

...... 
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where 

p = p r e s s u r e  rise r a t e ,  p s i / h r  

4 = - 1 (E) 6P 
P 

, p s i  f t 3 /B tu  
P 

2 
A = t a n k  s u r f a c e ,  f t  

K = e f f e c t i v e  the rma l  c o n d u c t i v i t y  of t ank  i n s u l a t i o n ,  
Btu /hr  f t O R 

R = t h i c k n e s s  of  i n s u l a t i o n ,  f t  

V = volume o f  t a n k ,  f t  3 

AT = t empera tu re  d i f f e r e n c e  between t h e  ambient  and t h e  
he l ium b u l k ,  OR 

The v a r i a t i o n  of 4 and AT wi th  q u a n t i t y  of he l ium rema in ing  
i n  t h e  t a n k  i s  shown i n  F igure  ( 3 ) . *  S u b s t i t u t i n g  t h e  p h y s i c a l  
c o n s t a n t s  f o r  V = 5.9, A = 15.8 and II = .229, e q u a t i o n  (1) is 
reduced  to :  

p = 11.7 K $ ( A T )  ...... ( 2  1 

From e q u a t i o n  ( 2 ) ,  it i s  p o s s i b l e  t o  c a l c u l a t e  t h e  e f f e c t i v e  
i n s u l a t i o n  conductance ( K )  f o r  each  phase  of  t h e  s c r e e n i n g  
tests. Such c a l c u l a t i o n s ,  t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  t a n k  
s h e l l  t he rma l  m a s s ,  r e s u l t e d  i n  t h e  p l o t  shown i n  F igu re  (4). 
Examinat ion of t h i s  p l o t  shows s u c c i n t l y  how t h e  con taminan t  
gas  i n  t h e  annulus  i s  a c t i n g  t o  produce  t h e  r e s u l t s  man i fe s t ed  
by t h e  s c r e e n i n g .  

With t h e  e x c e p t i o n  of  t h e  ex t reme r i g h t  data p o i n t  
of t h e  May 2 8 ,  1971 t e s t ,  which, can  be a t t r i b u t e d  t o  measure- 
ment i n a c c u r a c y ,  there i s  a s t e a d y  i n c r e a s e  i n  K w i t h  t a n k  
s u r f a c e  t empera tu re .  Th i s  can be l o g i c a l l y  a t t r i b u t e d  t o  t h e  
f a c t  t h a t  t h e  contaminant  gas i s  b e i n g  p r o g r e s s i v e l y  desorbed .  
The h i g h e s t  ra te  o f  d e s o r p t i o n  appea r s  t o  occur  between 47'R 
and 63OR. I t  i s  s u s p e c t e d  from t h i s  behav io r  t h a t  t h e  m a j o r i t y  
o f  t h e  r e s i d u a l  gas  i s  hydrogen, a l though  o t h e r  less l i k e l y  
con taminan t s  might produce  t h e  same r e s u l t .  

*J. A .  Saxton ,  " S u p e r c r i t i c a l  Helium Tank P r e s e n t a t i o n  t o  
R. A. P e t r o n e " ,  Memorandum f o r  F i l e ,  B71 06036, June  23, 1971. 
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Regard le s s  of  t h e  composi t ion  of  t h e  r e s i d u a l  gas 
i n  t h e  a n n u l u s ,  it can b e  assumed w i t h  c o n f i d e n c e  t h a t  t h e  
upper  o p e r a t i n g  l i m i t  f o r  K i n  t h e  LM-10 t a n k  i s  o f  t h e  
o r d e r  of 9 x Btu/hr  f t  OR. This  v a l u e  of K c o r r e s -  
ponds t o  a p r e s s u r e  r ise rate  i n  phase  C ,  which s i m u l a t e s  
t h e  p e r i o d  between a f irst  and second DPS-burn, of less t h a n  
2 0  p s i / h o u r .  

I V .  MISSION CONSIDERATIONS 

I n  a normal m i s s i o n ,  t h e  SHe t a n k  w i l l  remain f u l l ,  
i . e . ,  as i n  phase  A ,  u n t i l  PDI which o c c u r s  a t  1 0 4  hour s  GET. 
With on-time l aunch  p r e s s u r e  b e i n g  550 p s i a ,  and r e d l i n e  
p r e s s u r e  a t  PDI o f  1 7 8 0  p s i a ,  t h e  a l l o w a b l e  p r e s s u r e  r ise 
r a t e  is  1 1 . 8  p s i / h r .  Should launch  b e  d e l a y e d  2 4  h o u r s ,  
c a u s i n g  t h e  p r e s s u r e  a t  launch t o  i n c r e a s e  t o  780  p s i a ,  t h e  
allowable p r e s s u r e  r i s e  r a t e  t o  PDI would b e  9 . 6  p s i / h r .  
I n  b o t h  cases, t h e  a l l o w a b l e  ra te  i s  comfor t ab ly  h i g h e r  t h a n  
t h e  phase  A rates measured i n  any of t h e  s c r e e n i n g  tes ts  con- 
d u c t e d  on LM-10 t a n k .  T h e r e f o r e ,  it can b e  concluded t h a t  
t h e r e  i s ' n o  r i s k  i n v o l v e d  i n  f l y i n g  t h i s  t a n k  on a normal 
Apol lo  1 5  mis s ion .  

2.  Abort  Miss ions  

O f  t h e  a b o r t  mi s s ions  r e q u i r i n g  DPS b u r n s ,  t h e r e  are  
t h o s e  r e q u i r i n g  o n l y  one DPS burn  (Abort  Modes I and iiij and 
t h o s e  r e q u i r i n g  t w o  DPS burns  (Abort Mode 11) : 

a. Abort  Modes I and 111: S i n c e  b o t h  o f  t h e s e  modes 
r e q u i r e  o n l y  one DPS b u r n ,  o c c u r r i n g  p r i o r  t o  
s c h e d u l e d  PDI, t h e  SHe t a n k  p r e s s u r e  would be  m o r e  
f a v o r a b l e  (lower) than  i n  a normal  m i s s i o n .  There- 
f o r e ,  t h e s e  modes should  p r e s e n t  no  s p e c i a l  concern .  

b.  Abor t  Modes 11: The r i s k  i n v o l v e d  i n  t h i s  a b o r t  
mode i s  based  on t h e  need f o r  two DPS b u r n s ,  t h u s  
h a v i n g  t o  l i v e  w i t h  a he l ium p r e s s u r e  r ise ra te  
c o r r e s p o n d i n g  t o  t h a t  o f  phase  C o f  t h e  s c r e e n i n g  
tests d u r i n g  t h e  c o a s t  t i m e  between t h e  t w o  bu rns .  
By r e s t r i c t i n g  t h i s  coast t i m e  t o  n o t  more t h a n  1 5  
h o u r s ,  t h e  a l l o w a b l e  p r e s s u r e  r i se  ra te  i s  
26  p s i / h r .  T h i s  i s  comfor t ab ly  h i g h e r  t h a n  any 
o f  t h e  phase  C r a t e s  measured d u r i n g  t h e  s c r e e n i n g  
tests. T h e r e f o r e ,  it a p p e a r s  t h a t  t h e  r i s k  i n v o l v e d  
even i n  t h i s  w o r s t  a b o r t  mode i s  minimal.  
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3. O t h e r  A l t e r n a t i v e s  

The above-descr ibed  abort  modes can  be  carried o u t  
by t h e  a s t r o n a u t s  w i t h o u t  h e l p  from Miss ion  C o n t r o l ,  e .g. ,  w i t h  
m u l t i p l e  f a i l u r e s  o f  SPS and a l l  modes of communication. With 
communications i n t a c t ,  t h e r e  a r e  s e v e r a l  means whereby an 
e x c e s s i v e  SHe t a n k  p r e s s u r e  rise ra te  between bu rns  can b e  
a l lev ia ted ,  when d e t e c t e d ,  such as s u p p l y i n g  real-time i n s t r u c -  
t i o n s  f o r  he l ium v e n t i n g  p rocedures .  

I t  shou ld  b e  emphasized t h a t  a f a i l u r e  of  SPS a t  
L O I ,  n e c e s s i t a t i n g  abort ,  i s  h i g h l y  u n l i k e l y .  Also, f a i l u r e  
of SPS between 1 4 5  and 1 9 8  seconds of  SPS b u r n ,  n e c e s s i t a t i n g  
Mode I1 a b o r t ,  i s  even more u n l i k e l y .  

V. D E C I S I O N  

The d e c i s i o n  w a s  made n o t  t o  r e p l a c e  t h e  LM-10 S H e  
t a n k ,  based  on t h e  f o l l o w i n g  arguments:  

1. A s  e x p l a i n e d  above,  t h e  r i s k  i n v o l v e d  i n  f l y i n g  w i t h  
t h i s  t a n k  i s  minimal and can  be  aggrava ted  o n l y  through 
s imul t aneous  m u l t i p l e  f a i l u r e s  i n v o l v i n g  several 
d i f f e r e n t  s p a c e c r a f t  s y s t e m s ,  which are h i g h l y  u n l i k e l y .  

2.  Replacement of  t h e  SHe t a n k  would have r e q u i r e d  SLA 
c u t o u t  and r e p a i r ,  p o s s i b l y  damaged o t h e r  hardware i n  
t h e  v i c i n i t y  of  t h e  t a n k  and cou ld  have de layed  t h e  
Apo l lo  15  launch  date .  

V I .  UNRESOLVED MATTERS 

I n  s p i t e  o f  t h e  d e c i s i o n  t o  r e t a i n  t h e  LM-10 SHe t a n k  
on Apol lo  1 5 ,  t h e r e  r e m a i n s  some q u e s t i o n s  as t o  why t h e  t a n k  
behaves t h e  way it does.  These q u e s t i o n s  are academic as f a r  
as Apo l lo  1 5  f l i g h t  i s  conce rned .  However, e f f o r t  is  b e i n g  
c o n t i n u e d  t o  develop  a better u n d e r s t a n d i n g  of  t h e  f o l l o w i n g :  

1. The e x a c t  composi t ion  of t h e  r e s i d u a l  gas  i n  t h e  
annu lus .  

2.  The mechanisms c a u s i n g  t h e  obse rved  changes i n  t h e  
e f f e c t i v e  conductance of t h e  i n s u l a t i o n .  

3 .  The e f f e c t  on p r e s s u r e  performance o f  such  matters 
as doub le  e v a c u a t i o n ,  s h e l f  l i f e ,  he l ium l o a d i n g  
p rocedures  and s c r e e n i n g  t e s t  p rocedures .  

2031-ASH-jf 
a. A AL,, 
A. S.  Haron 
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